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Objectives. For most populations, implementation intentions (IIs) facilitate physical
activity (PA). However, for older adults, previous studies found mixed evidence for the
effectiveness of this behaviour change technique. To examine which characteristics of IIs
predict successful enactment, the content of older participants’ IIs formed within a self-
regulatory intervention to prompt PA was analysed.
Design. A sample of N = 126 German speaking adults aged 64 and older formed up to
six IIs for PA and reported their enactment 5 weeks later.
Methods. Controlling for age and sex, multilevel models tested associations between
characteristics of IIs (e.g., chronological rank of II, hetero- and homogeneity, specificity,
presence of certain cues) and enactment.
Results. Significantly related to enactment were: the chronological rank of an II (first IIs
superior to last IIs), greater heterogeneity in activities, greater specificity of when-cues,
and greater use of pre-existing routines.
Conclusions. Participants were more likely to enact their IIs 5 weeks later if they
planned different (heterogeneous) activities, created IIs with more specific when-cues
(e.g., on Monday at 9 am), and in particular a routine (e.g., after breakfast). They also
enacted the first three IIs (chronological rank of II) more often than the last three IIs.
Future experimental studies should test whether providing instructions to create IIs
based on the above significant characteristics lead to more effective health behaviour
change among older adults.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in anymedium, provided the original work is properly cited and is not used for commercial purposes.




Implementation intentions (IIs; Gollwitzer, 1993, 1999) were developed to bridge the so-
called intention-behaviour gap, describing the phenomenon that forming good intentions
is no guarantee for enacting them (Gollwitzer, 2014). IIs increase the likelihood of target
behaviours by asking individuals to create ‘if-then’ plans that connect cues to actions (‘If
situation X arises, then I will perform the goal-directed response Y’).
Compared to younger adults, older adults seem to translate their intentions into
behaviour more easily (Hagger, Chatzisarantis, & Biddle, 2002). However, at least one
third of Germans aged 60 years and olderwho intend to be as active as recommended, fail
to reach recommended physical activity (PA) levels (Bauman, Merom, Bull, Buchner, &
Fiatarone Singh, 2016; Krug et al., 2013). Reasons for this intention-behaviour gap among
older adults can relate to difficulties with the initiation of activities (e.g., forgetting,
distractions, temptations), losing track (e.g., old habits, competing goals), or getting
exhausted while trying – psychological barriers that can be reduced by forming IIs
(Gollwitzer, 2014).
Are IIs effective to promote physical activity among older adults?
Meta-analyses show that IIs increase the uptake of various health behaviours bymedium to
large effects (d = .61; Gollwitzer & Sheeran, 2006; Sheeran, 2002). If only interventions
using IIs for PA are considered, the effect sizes are smaller (standardisedmean differences
of .25 to .31; Belanger-Gravel, Godin, & Amireault, 2013; Silva, S~ao-Jo~ao, Brizon, Franco, &
Mialhe, 2018). In complex interventions – including IIs along other behaviour change
techniques (BCTs; Michie et al., 2013) – IIs did not always result in positive changes in PA
(e.g., Bull et al., 2018; Finne et al., 2018; Michie, Abraham, Whittington, McAteer, &
Gupta, 2009), but often belong to the active intervention ingredients (e.g., Grimmett et al.,
2019; Howlett, Trivedi, Troop, & Chater, 2019; Olander et al., 2013; Webb, Joseph,
Yardley, &Michie, 2010;Williams & French, 2011). However, among older adults, ameta-
analysis (French, Olander, Chisholm, & Mc Sharry, 2014; Table 2) showed that ten BCTs
had a negative impact on older adults’ PA, including action planning, planning of social
support, and coping planning (planning is similar to IIs; see Hagger et al., 2016).
Although we know that older adults prefer IIs including slower-paced physical
activities in more frequent but shorter bouts (Alley, Schoeppe, Rebar, Hayman, &
Vandelanotte, 2018), we need to understand whether certain IIs also increase the
likelihood to enact PA. Therefore, this study aimed to (1) code systematically what older
adults write down in IIs for PA, and (2) identify which characteristics of their IIs are
associated with successful enactment.
Which II characteristics contribute to successful enactment?
In theory, IIs help close the intention-behaviour gap by forming a mental link between a
situational cue and a behavioural response (Gollwitzer, 1993, 1999). IIs are assumed to
increase the accuracy and speed of the detection of situational cues and to initiate less
effortful (nearly automatic) responses (Gollwitzer, 1999). The encounter and detection of
pre-formulated, contextual cues in real life is hence a prerequisite for behavioural
initiation. As vague or ambiguous cues are more likely to be missed compared to precise
specifications of opportunities to act (Gollwitzer, 1999; de Vet, Oenema, & Brug, 2011),
cue detection and, thereby, successful plan enactment should increasewithmore detailed
specificity of situational cues (Fleig et al., 2017).
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Increasing the number of situational cues, either by formulating multiple IIs or by
choosing a higher frequency of opportunities to act, such as ‘daily’ instead of ‘Mondays’
should increase the likelihood of cue encounter and enactment. However, increasing the
number and with that possibly also the heterogeneity of IIs might come at the cost of
weaker mental cue-behaviour links, a higher chance of forgetting or ignoring of cues, or
interference between different IIs (Gollwitzer, 2014). Multiple similar IIs could possibly
serve as repeated rehearsal that strengthens the mental cue-behaviour link (Gollwitzer,
1999). We investigate, whether forming several different IIs or similar IIs, which only
differ in their cues but not in their behavioural response, ismore beneficial for enactment.
For this purpose, we define the concept of heterogeneity of a set of IIs as referring to how
manydifferent cues and/or activities individualswrite into their IIs.Wedefine the concept
of homogeneity of a set of IIs as referring to the presence of multiple IIs that contain the
same behavioural response.
What has been found to be effective about characteristics of IIs?
It has been recommended, ‘. . .that researchers examine how best to specify the if/then
components of IIs’ (Hagger et al., 2016, p. 824) and several field studies have revealed first
results. For example, de Vet et al. (2011) rated characteristics of up to three IIs for PA
among middle-aged working adults. They concluded that the mere number of IIs did not
matter but thatmore specific IIs resulted in higher levels of overall PA. In their randomized
controlled trial (RCT) with middle-aged working adults, Epton and Armitage (2017) used
volitional help sheets containing various situational cues and physical activities to choose
from in order to form IIs. They found that providing participants with more specific
situational cues did not increase the effect of IIs on overall PA. However, a study by Fleig
et al. (2017) that coded various characteristics of actions plans (similar to IIs, Hagger et al.,
2016), found that more specific time-based cues were positively associated with the
enactment of post-rehabilitation PA plans among working and retired middle- to older-
aged individuals. Another study among middle- to old-aged couples found that plan
enactmentwasmore likely, if cues included a routine and not a time (e.g., ’after breakfast’
instead of ’at 9 am’; Keller et al., 2017). This study also found that the chances of
enactment for plans formed at the beginning of a planning sheetwith up to five planswere
higher than those formed towards the end. In the only other study that investigated this so-
called plan rank (chronological rank of plans) among up to three plans, plank rank was
not related to enactment (Fleig et al., 2017). Fleig et al. (2017) further found that leaving
some flexibility in the activities planned was more effective than being too specific in
formulating the behavioural response, whereas Keller et al.’s (2017) study could not
replicate this finding. Evidence on the essence of effective IIs seems to vary across
samples, and to date no study has focused on the characteristics of IIs for PA in older
retired adults. Therefore, to develop new evidence on the essence of effective IIs with
older adults, we coded the content of IIs created by older participants in an RCT testing a
complex intervention with several motivational and volitional BCTs to increase PA.
Aims of the current study
First, we explore whether the number – and for the first time – the level of heterogeneity
and homogeneity across a set of IIs were associatedwith enactment.We hypothesise that
the chronological rank of IIs would be negatively associated with enactment, that is IIs
made at the beginning of the worksheet would be enacted more likely than those made
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towards the end. Second, we hypothesize that specificity ratings of all cues and the
behavioural response would help enact IIs (i.e., the more detailed cues and behavioural
responses, the more likely IIs are enacted). Finally, we hypothesize that using routine-
based cues in IIs would be more predictive of enactment then time-based cues IIs.
Methods
Participants and procedure
The secondary data stem from a RCT testing a complex behaviour change intervention
with motivational and volitional BCTs to increase PA in a group setting (without
exercising, Appendix B lists all BCTs, Warner, Wolff, Ziegelmann, Schwarzer, & Wurm,
2016) against a parallel intervention for social volunteering and a passive control group
(PREFER-II trial, funded by German Federal Ministry of Education and Research,
01ET1001B). In total, N = 647 community-dwelling adults aged 64 and older were
assessed for eligibility: exercising less than twice a week for 30 min and not acutely
physically impaired or disabled. Of these, n = 360 adults were randomized to the three
groups. To investigate characteristics of the PA-related IIs, this study used the II
worksheets created in the intervention group for PA (n = 126), of which n = 115 (91%)
completed the worksheets plus the 5-week follow-up diary on II enactment. As
participants actively approached the institute after having read newspaper articles or
advertisements for the project ‘Active Retirement’, themajoritywasmotivated to bemore
active (Table 2; Appendix D).
Approval was obtained from the ethics commission of the German Psychological
Society (DGPs-SW 02_2012). The trial was preregistered at www.clinicaltrials.gov
(NCT01577134). More information on the RCT can be found in Warner et al. (2016) and
Warner, Wolff, Spuling, & Wurm (2019).
Design
Study design
The RCT consisted of fivemeasurement points (Warner et al., 2016). For present analyses,
data on II characteristics stem from the II-worksheet completed during the intervention
session (i.e., T1; May-September, 2012). Data on the enactment of IIs stem from the PA
diary 5 weeks post-intervention (T2).
Implementation intention worksheet
The worksheet to formulate IIs was one out of ten BCTs implemented as part of a single
face-to-face group intervention session with three to eight participants lasting approx-
imately 2 hr and 40 min, including two short breaks (more information in
Appendices B and C and Warner et al., 2016; Wolff, Warner, Ziegelmann, & Wurm,
2014). After having reviewed the positive consequences of PA, selecting activities,
watching a role model video and setting their own activity goals, the interventionists
explained that ‘if-then sentences’ can help translate goals into actions. Participants also
learned that choosing good cues to action and linking these to specific physical activities is
important for effective ‘if-then sentences’. Participants then received several II examples
displayed on slides and verbally explained (e.g., ‘If I have finished breakfast, then I do my
gymnastic exercises’, see Appendix C formore). Participantswere told that cues to action
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can consist of situations (e.g., exact times, routines), objects (e.g., yoga mat, sports bag),
or persons (e.g., friends, family). After these instructions, a worksheet was distributed to
every participant to write down up to six individual IIs prompting the BCT, ‘Action
planning (including implementation intentions)’ (BCT [1.4] according to Michie et al.,
2013) but not ‘Problem solving/coping planning’ (BCT [1.2] Michie et al., 2013;
Appendix C - translated worksheet). Two facilitators (postdoctoral researchers) were
available for questions during the completion of the worksheets, but did not proactively
support or correct the development of IIs.
Measures
Enactment of IIs (dependent variable)
To assess whether participants enacted their IIs in daily life, we used data from the
10-day activity diary completed at 5-weeks following the intervention. In end-of-day
assessments, participants reported which physical activities they had performed.
Matched to participants’ II, raters coded how often the planned activity appeared in
the diary. This resulted in up to six enactment sum scores related to respective IIs
(e.g., if the first II contained cycling and cycling was reported five times in the diary,
the enactment score for this II was five). By counting only activities that participants
had included in their IIs during the intervention, the dependent variable represents
the conditional outcome of II enactment, but not general activity levels after the
intervention (Sniehotta, 2009). This enactment of PA-related IIs reflects a more
proximal outcome than overall PA and is suitable to examine the effects of plan
characteristics (Fleig et al., 2017; Keller et al., 2017).
Implementation intentions (independent variables)
First, participants’ IIs were screened for completion and adherence to instructions. IIs
were coded as invalid if no or invalid informationwas entered in the ‘if’- and/or ‘then’-part
(e.g., for invalid ‘if’-entry: ‘If my friend would not be that lazy, . . .’; Appendix A defines
valid components). Characteristics (see below) were only coded for IIs that were
previously coded as complete and valid.
This study focussed on four different components of IIs as independent variables: the
occasion cue (i.e., when-cue), location cue (i.e., where-cue), and the social cue (i.e., who-
cue) from the ‘if-part’, as well as the planned behavioural response (i.e., which PA) from
the ‘then-part’. The coding manual for this study was based on previous coding manuals
(Fleig et al., 2017; Keller et al., 2017), and can be downloaded here. Two independent and
trained raters scored each II separately. Cohen’s kappa inter-rater agreement before
consensus discussions ranged from fair (i.e., .38 for categorisation of when-cue
characteristics) to almost perfect (i.e., .91 for specificity of social cues; Landis & Koch,
1977). Consensus scores for final variables were derived by raters’ discussions in the
presence of the first author.
Characteristics of a set of IIs
Thenumberof created IIswas established by counting each II that contained a valid if- and
then-component to create a score ranging from 0 to 6.
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The chronological rank of II represents the order in which participants formed their
IIs (from 0 = first to 5 = sixth).
The heterogeneity of when-, where- and social cues as well as behavioural responses
were assessed from 1 to 6, depending on how many different cues and/or activities
participants wrote into their IIs, divided by the total number of valid IIs created.
As a measure for homogeneity, the number of IIs concerning the same behavioural
response (i.e., then-part), that is physical activity,was assessed from0 to 5, dividedby the
total number of valid IIs created.
Characteristics of specific parts of IIs
Specificity of IIs
Specificitywas coded from1 (unspecific/vague) to 3 (highly specific) for each component
(when-cue, where-cue, social cue, behavioural response) of an II. The specificity was
coded as follows: unspecific, if either no information was inserted, or if the entry
described no concrete occasion/location/social partner(s); moderately specific, if at least
some or ambiguous information about the occasion/location/social partner(s) was
provided; highly specific, if the information was very clear and unambiguously usable as a
cue to action (Appendix A provides details and examples).
Type of when-cues: Times, routines, opportunities
For when-cues, two types of cues, namely the presence of time points (e.g., ‘Monday 8
a.m.’) and the presence of routines (e.g., ‘after breakfast’), were coded as two separate
dichotomous variables with ‘1 = present’ and ‘0 = not present’. In addition, the number
of opportunities per weekwas extracted by coding the frequency of weekly occasions in
an II (e.g., seven for ‘daily’).
Data analyses
In all models, continuous predictors were grand-mean-centred (except for chronological
rank of II; coded from 0 to 5) and dichotomous predictors included ‘0’ as reference
category.Missing datawere treated using the full informationmaximum-likelihood (FIML)
procedure for all analyses in Mplus8 (Muthen &Muthen, 2017; amount of missing data in
Appendix F).
Model A aimed at investigating whether the characteristics of a set of up to six IIs
predicts enactment. The number of IIs as well as ratings of heterogeneity and
homogeneity of IIs were entered as predictors for enactment in a regression with Poisson
distribution (to account for count data of enactment)withmaximum likelihood estimator,
controlling for participants’ age and sex (0 = female, 1 = male). As age and the number of
IIs were significant predictors of enactment, these two variables were modelled as
covariates in subsequent models. To enable an interpretation of the magnitude of effects,
significant B coefficients were transferred to incidence rate ratios (IRRs; Hilbe, 2011).
Further, two multilevel models (Model B and Model C) with characteristics of specific
parts of IIs (Level 1) nested within participants (Level 2) predicted enactment as Level 1
outcome, using a Poisson prediction as well as a maximum-likelihood estimation with
Monte Carlo integration. Random-intercept models showed a small intraclass correlation
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coefficient of ICC = 0.03 indicating that most variation in IIs was observed at Level 1 (still
multilevel modelling was used to account for the nested data structure, Huang, 2018).
Model B tested whether the Level 1 predictors of chronological rank of IIs, specificity
levels of cues and behavioural responses predict enactment. To allow for between-person
(Level 2) differences in the effects of Level 1 predictions, all Level 1 predictors were
modelled as random effects (Barr, Levy, Scheepers, & Tily, 2013). Model C focused on
testing certain characteristics of when-cues as predictors of plan enactment, by only
examining the first two situational IIs on the worksheet (because few participants
included information on IIs 3–6 regarding objects and persons). Three different cue
characteristics were modelled as Level 1 predictors of enactment: The presence of time




Descriptive results for the sample and the quantity of IIs
The total sample comprisedN = 126 participants, of which 73%were women, 63%were
high school graduates and 46% lived togetherwith a partner. At baseline, participants’ age
was M = 70.53 years (SD = 5.01, 64–91 years). Of these 126 individuals, eight partic-
ipants (6%) did not write anything into their worksheet and 15 (12%) created if-then-
sentences that were coded as invalid II (e.g., ‘If appointment, then I go there’). The
remaining n = 103 participants with at least one valid II created on average M = 2.94
(SD = 1.94, range 1–6) IIs. A total of n = 93 participants with valid IIs returned their
activity diaries at the 5-weeks follow-up (seeAppendices D & E for comparisons between
the n = 93 and the n = 126 sample in, e.g., health status, cognitive abilities, reported
acceptability of the intervention). On average, facilitators rated fidelity as high,
participants were satisfied with the intervention, and satisfaction scores between the
analysed and overall sample did not differ (see Appendix E). Across the 10-day diary,
participants enacted a mean of 2.22 (SD = 3.08; range: 0–18) II-related activities.
Descriptive results
Highest heterogeneity in IIs was found with regard to different activities planned
(M = 2.67, SD = 1.32, range 1–6). Regardingwhen-cues, participants specifiedM = 2.24
different occasions (SD = 1.10, range 0–4). With respect to social cues, M = 0.67
(SD = 0.79, range 0–3) different activity partners were planned. Where-cues were
specifiedwith an average ofM = 0.39 different cues (SD = 0.76, range 0–4). The number
of IIs concerning the same PA (homogeneity) was on averageM = 0.72 (SD = 1.08, range
0–3).
To summarise descriptive statistics of the specificity of IIs, scores for up to six IIs were
averaged. Participants were most specific in forming IIs on the planned PA (M = 2.26,
SD = 0.63, range 1–3), followed by when-cues (M = 1.74, SD = 0.48, range 1–3), while
social cues (M = 1.23, SD = 0.32, range 1–2), and where-cues (M = 1.13, SD = 0.25,
range 1–2.20) were rather unspecific.
Across all participants, 67% used routines and 27% used time points in at least one II.
53% of participants specified a number of opportunities to be active per week in any of
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their IIs. On average, participants planned a mean of 3.75 (SD = 5.24, range 0-28)
opportunities per week to be physically active.
Prediction of enactment by number, heterogeneity and homogeneity across IIs (Model A)
The number of formed IIs as well as their heterogeneity and homogeneity were tested as
predictors of enactment. As Table 1 shows, more IIs were associated with a higher
likelihood of enactment.With each additional II, participants enacted an additional 28%of
physical activities (IRR = 1.28, 95% CI [1.184, 1.378]; all other predictors held constant).
Furthermore, the heterogeneity of the behavioural responses significantly predicted
enactment. The IRR showed that planning one more activity was associated with twice
(IRR = 2.05, 95% CI [1.294, 2.799]) as many enacted physical activities (all other
predictors held constant). None of the other heterogeneity indicators, nor homogeneity
predicted enactment.
The heterogeneity of when-cues correlated at .83 with the heterogeneity of social
cues, causing problems with multicollinearity. As when-cues were more frequent than
social cues, we excluded the heterogeneity of social cues (including or excluding the
heterogeneity of when-cues resulted in the same significant predictors). Regarding
covariates, older age positively predicted enactment (one more year predicting a 3%
increase in enactment, IRR = 1.03, 95% CI [1.012, 1.049]), whereas sex was unrelated.
Prediction of enactment by chronological rank and specificity of IIs (Model B)
To test associations of the chronological rank of an II (Hypothesis 1) and II specificity
(Hypothesis 2) with enactment, Model B (Table 2) used multilevel modelling controlling
for age and number of IIs. As expected, the chronological rank of IIswas negatively related
to enactment. The IRR (0.79, 95%CI [0.659, 0.917]) indicated that for each II further down
the worksheet, enactment decreased by 21% (all other predictors held constant).
Descriptives showed that the first three IIswere often enacted: firstM = 2.58 (SD = 3.23)
enactments per 10 days, secondM = 3.84 (SD = 3.33), and thirdM = 2.28 (SD = 2.81).
Whereas, the fourth (M = 1.18, SD = 2.54), fifth (M = 0.62, SD = 0.99), and sixth
(M = 1.36, SD = 2.11) were less enacted (however, only 11 participants formed six IIs).
Regarding specificity indicators, onlywhen-cue specificitywas significantly andpositively
Table 1. Poisson regression model with number of IIs, heterogeneity indicators, and homogeneity of
the behavioural response as predictors of enactment
Model A B SE p
95% CI
Intercept 1.75 0.74 .017 3.196 0.308
Age .03 0.01 .001 0.012 0.048
Sex .12 0.11 .275 0.096 0.339
Number of formed IIs .25 0.04 <.001 0.172 0.323
Heterogeneity of when-cues .01 0.18 .937 0.369 0.340
Heterogeneity of where-cues .38 0.25 .129 0.861 0.109
Heterogeneity of behavioural responses .72 0.19 <.001 0.348 1.084
Homogeneity of behavioural responses:
Number of times same behaviour was planned
.01 0.15 .950 0.305 0.286
Note. n = 93 participants; CI = confidence interval.
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related to enactment, whereas specificity of where-cues, social cues, and behavioural
responses were not significant. Each unit increase in the rating of when-cue specificity
predicted an increase of 62% enactments (IRR 1.62, 95% CI [0.925, 2.321], all other
predictors held constant).
Prediction of enactment by characteristics of ‘when-cue’ (Model C)
To test whether including routines as opposed to certain times or the number of
opportunities is associated with II enactment (Hypothesis 3), they were entered as
predictors in Model C controlling for age and number of IIs. Table 3 shows that only the
presence of routine-based cues was associated with enactment, whereas the presence of
time points or the number of planned opportunities per week were unrelated to
enactment. Including a routine-based cue was associated with an 80% increase in
likelihood of enactment (IRR = 1.80, 95% CI [1.036, 2.560]).
Conclusions
In this study, secondary datawere derived by coding the content of IIs older adults created
in a complex behaviour change PA RCT (Warner et al., 2016). Enactment of IIs was
regressed on codings of number, ranking, hetero- and homogeneity of IIs, specificity and
presence of certainwhen-cues in threemultilevelmodelswith ascending resolution (from
characteristics of a set of IIs to specificity ratings of cues to the presence of routines, times,
and number of opportunities). Participants were more likely to enact their IIs 5 weeks
later, if they planned different (heterogeneous) activities, used more specific when-cues
(e.g., ’Monday 6 am’), and included a routine (e.g., ’after breakfast’). They enacted the first
three IIs on the worksheet (chronological rank) more often than the last three IIs.
Table 3. Poisson multilevel models with ‘when-cue’ characteristics as predictors of enactment
Model C





LL UL LL UL
Intercept .40 (0.17) .018 0.067 0.728 0.44 (0.18) .017 0.079 0.790
Age .04 (0.02) .109 0.009 0.086 – – – –
Number of formed IIs .06 (0.08) .427 0.094 0.222 – – – –
Presence of routines in
when-cues
.58 (0.21) .006 0.169 0.984 0.15 (0.23) .508 0.299 0.604
Presence of time in
when-cues




.01 (0.04) .831 0.083 0.067 0.01 (0.01) .346 0.010 0.029
Note. n = 82 participants with 121 observations; CI = confidence interval; LL = lower limit;UL = upper
limit.
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Characteristics of a set of IIs
Each additional PA planned (heterogeneity of then-part) was associated with twice as
many enactments, whereas planning the same activity (homogeneity) at different
occasions and locations (heterogeneity of cues) did not affect enactment. Our results may
give support for the notion, thatmore heterogeneity in planned behaviours – but not cues
– increases the likelihood of enactment. However, using heterogeneous when-cues and
where-cues was not detrimental to enactment. This means that for promoting PA among
older people, providing instructions to plan different physical activities could be more
effective than providing instructions to think of different occasions and locations to be
active. A higher number of IIs did not seem to interfere or overburden participants, but
was associatedwith a higher likelihoodof enactment inModel A. This ‘quantity effect’was
however not replicated in Models B and C. Therefore, we refrain from interpreting it, as
well as the age effect that only emerged in Model A. To our knowledge, previous studies
have not addressed heterogeneity and homogeneity of IIs. Future experimental research
could test whether homogeneity of cues is more effective than novel and heterogeneous
cues. The longer learning and planning history of older adults might enable them to
transfer previously successful cues to actions to other behavioural domains.
Characteristics of specific parts of IIs
The chronological rank of IIs predicted enactment: the first three IIs – especially the
second one – were implemented more often. Previous research also indicates that plan
rank matters when individuals have the opportunity to formulate up to five plans (Keller
et al., 2017), but not so in interventions with up to three plans (Fleig et al., 2017; de Vet
et al., 2011). Formulating up to six IIs can be challenging. It is likely, that participants first
specified those IIs that theyweremost committed to and activities and occasions that they
anticipated to fit best to their daily routines.
Our finding that more specific when-cues were associated with higher rates of
enactment is in line with previous research (Fleig et al., 2017; de Vet et al., 2011). It also
integrateswell with theory that IIs, which contain specificwhen-cues, have a high chance
to be detected upon encounter (Gollwitzer, 2014). The results of the current study,
however, suggest that besides specificity of cues, the type of the occasion cue makes a
difference for enactment. Routines rather than exact times or the number of opportunities
were found to be the key to successful IIs for PA among older adults. This supports
previous research among older (Fleig et al., 2017) and middle-aged and younger adults
(Keller et al., 2017). In our study, it was found to be beneficial if older adults envisioned to
enact their PA either while engaging in their usual routine (e.g., ’If I brush my teeth’) or
after a routine (e.g., ’If I have finished breakfast’). In the context of dietary planning across
the whole lifespan, especially morning routines predicted healthy eating (Domke, Keller,
Fleig, Knoll, & Schwarzer, 2019), which would align well with adults’ preferences to be
active in themorning (Alley et al., 2018). Although experimental research among younger
adults suggests that time-based or routine-based cues are similarly effective for habit
formation (Keller et al., 2021), routines require less active ‘cue-monitoring’ than times.
Maybe this explains why performance in event-based prospective memory tasks is less
affected by age then performance in time-based tasks in laboratory settings (however not
in naturalistic settings; Henry, MacLeod, Phillips, & Crawford, 2004).
Enactment of implementation intentions 11
Possible problems in planning interventions for physical activity among older adults
Previous research found that IIs help older adults to buffer effects of declining prospective
memory on delayed task performance in other life domains (e.g., Brom & Kliegel, 2014).
However, including IIs in complex interventions was negatively related to PA outcomes
for older adults (French et al., 2014). According to French et al. (2014, French, Banafa,
Williams, Taylor, Brown, 2020), this may be due to two reasons. First, planning might be
cognitively difficult for older adults. Secondly, older adults may have a lower need for
planning and prefer flexible weekly activities.
To assess whether formulating up to 6 IIs might have been cognitively challenging, we
investigated how many valid IIs were made: Out of 126 participants, 118 worked on the
worksheets, but only 103 generated at least one valid II. For those 15 participants without
at least one valid II –who did not cognitively differ from the group with valid worksheets
(Appendix D) – closer supervision might have been useful. Planning can be experienced
as burdensome (Fleig et al., 2016), and older adults benefitmore from interviewer-assisted
planning while younger adults benefit more from self-administered planning (Ziegel-
mann, Lippke, & Schwarzer, 2006). The fact that the vast majority (88%) of our
participants created valid plans and that they did not differ in cognitive abilities from those
who did not create plans (see Appendix D), is, however, reason to believe that most older
adults, who volunteer to participate in a social-cognitive PA intervention, are cognitively
able to use this BCT with minimal assistance.
The interventionists approached eight participants with individualised prompts,
because they were not working on their worksheet. Seven openly expressed refusal to
work with the II worksheet. This rejection might have been linked with a lower need to
plan. It has been suggested that retirees have more leisure time and more flexible
schedules (French et al., 2014, 2020) and/or less conflicting goals due to fewer obligations
(Riediger, Freund, & Baltes, 2005). Some studies also report that retirees highly value
flexibility, prefer internal/mood cues (e.g., ’if I feel energetic’) and exercise habitually
(French et al., 2020). The lack of time is, however, still amongst the most prominent
barriers for PA during retirement (Moschny, Platen, Klaassen-Mielke, Trampisch, &
Hinrichs, 2011). Our findings do not stand against planning interventions for older adults
per se, but for the use of established routines rather than exact time points to promote PA.
Participants who openly expressed reactance toward IIs were the minority. Reactance
should still be assessed in future studies (e.g., Ungar, Sieverding, Schweizer, & Stadnitski,
2015) along with potential moderators (e.g., personality, history of planning biography,
previous experiences with planning; Engel & Kuhl, 2015; French et al., 2020).
Strengths & limitations
A strength of our study is that we assessed enactment around 5 weeks after IIs were
generated and not immediately like experimental research on IIs. Also, the enactment of
IIs was operationalized as the number of reported enactments of pre-planned physical
activities – a measure theoretically most closely related to IIs (as opposed to overall PA).
This indirect measurement probably faces a lower risk of social desirability, rather than
directly asking whether IIs were fulfilled. And by coding enactment per II, we accounted
for the multilevel structure of IIs nested within participants.
However, it needs to be noted that we performed post-hoc secondary analyses of a
subsample of an RCT to increase physical activity that was not effective (Warner et al.,
2016), which bears different risks of bias (detailed in Appendix G). As most participants
formed between one and three IIs (Appendix F), the number of observations used in the
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multilevel models did not reach the theoretically possible number of observations. The
FIML procedure was, however, only used for single missing values (due to minor coding
problems with some II characteristics) and did not apply to non-existent IIs nor missing
enactment values. The study was powered for the main trial, however, not for these sub-
analyses. The sample consisted of self-selected community-dwelling older adults. It was
hence biased towards healthier, cognitively fitter, more motivated, and higher educated
individuals than the German population aged 65+ years (details see Appendix D; and
Warner et al., 2019). Also, some inter-rater reliabilitieswere poor, limiting the reliability of
our results and highlighting the need for more training for coders.
Future research
In field studies, participants usually receive written or spoken instructions and then
formulate IIs according to their understanding of these instructions with or without
supervision. To investigate possible cognitive challenges and moderators for the
preference or reluctance to use IIs as a BCT among older adults, future studies could
use the think-aloud method (French, Cooke, McLean, Williams, & Sutton, 2007). Upon
identification of key characteristics of IIs, or more elaborated formulations of planning
instructions, RCTs with factorial designs testing supposedly effective mechanisms of IIs
against one another should be conducted (e.g., Keller et al., 2021 for a factorial design in
younger adults).
One participant of our studywrote onto theworksheet for IIs ‘Iwant to be activewhen
I feel like it!’. This tendency to focus on short-termmood cues for PA, such asmaking best
use of one’s energy rather than long-term health effects, is supported by socio-emotional
selectivity theory and warrants future research (Carstensen, 1992; French et al., 2020;
Pimm et al., 2016).
Implications
IIs are low-cost and easy to include in behaviour change interventions at a population
level. However, this is only useful if individuals self-generate effective IIs. This is
particularly important for older adults for whom the current evidence-base is mixed.
Bearing our low number of participants and the similarity in participant characteristics
(mostly female, highly educated, and motivated, see Appendices D–G) in mind, we
conclude that planning instructions for older adults might highlight the importance of
creating IIswith very specific information about the occasion for several different physical
activities and to embed their intended activities into existing daily routines. These
suggestions however need to be tested experimentally in larger samples.
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